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7Summary and Concluding Remarks
Blood plasma of man and animals contains, besides functional plasma proteins like
albumin, lipoproteins, immunoglobulins, and protease-inhibitors, low concentrations of
enzymes that are derived from dead or leaky cells. During infections, like virus
hepatitis, or after tissue injuries (for example myocardial infarction) large quantities of
these enzymes enter the circulation. The nature of the enzyme and its concentration i
plasma can give indications of the type and size of tissue injury. The concenhation of an
enzyme in plasma depends not only on the rate at which it enters the circulation, but
also on the rate at which it is eliminated. The elimination of enzymes from plasma
occurs at fixed, and widely different, rates, each rate of disappearance b ing characteris-
tic for the type of enzyme and the animal species. The mechanism of elimination of en-
zymes from plasma is the subject of this thesis.
Previox work on rats had indicated that the fast elimination from plasma of lactate
dehydrogenase M4, alcohol dehydrogenase, mitochondrial, and cytosolic malate dehy-
drogenase was mainly due to receptror-mediated ndocytosis by fixed tissue macro-
phages. Liver macrophages (Kupffer cells), which are the main population of macro-
phages in the body, were found to play the most dominant pa$ in endocytosis of the
enzymes. Spleen and bone m:urow macrophages were also involved, but to a lesser
extent. After uptake by the cells, the enzymes were fiansported to the lysosomes and
degraded. Competition experiments indicated that the four enzymes were taken up via
the same receptor. Moreover, two other enzymes, adenylate kinase and creatine kinase
MM were shown to compete with the other four enzymes for uptake.
We posnrlated that the enzymes were recognized by their most obvious common
feature, namely their nucleotide-binding sites. Experiments performed to test this
hypothesis are described in chapter 2. The nucleotide-binding sites of lactate dehydro-
genase M4 were covalently blocked by the affinity label Procion Blue MX-R. This
resulted, as expected, in a prolonged half-life of the modified enzyme in the circulation
of rats, and a reduced uptake by liver, spleen, and bone marrow. However, similar ef-
fects on plasma elimination and uptake were observed in control experiments after
attachment of Procion Blue MX-R at other sites of the enzyme. Thus, these resuls did
not allow dehnite conclusions on the role of the nucleotide-binding sites. In chapter 3
experiments are described that show that mitochondrial malate dehydrogenase and
milochondrial aspartate aminotransferase compete with each other for elimination from
rat plasma. As the latter enzyme does not contain a free nucleotide-binding site, the
result of this experiment is at variance with the hypothesis mentioned above.
Lactate dehydrogenase Ha is slowly eliminated from plasma of rats, whereas lactate
dehydrogenase Ma is eliminated much faster. A similar difference in the rates of
eliminaton of these isoenzymes has been described in humans. It was, however, known
from the work of others that in rabbis lactate dehydrogenase Ha disappears relatively
fast. The cause of this phenomenon was investigated, and it was found that this
isoenzyme is rapidly endocytosed by sinusoidal iver cells in this species (chapter 6).
Although it was not determined which types of sinusoidal cells were involved, it is
likely that Kupffer cells play, again, a dominant parl These results suggesr that the
characteristic rate at which a certain enzyme disappears from the circulation of a species
often depends on the ability of its macrophages to recognize and endocytose the
enzyme.
The process of receptor-mediated endocytosis of enzymes was investigated in detail
with freshly isolated rat Kupffer cells (chapter 4). l25l-hbeled lactate dehydrogenase
Ma rapidly accumulated in the cells and was subsequently degraded !o trichloroacetic
acid-soluble material. Breakdown could be inhibited by chloroquine an leupeptin, which
are known to inhibit lysosomal enzymes. Pretreatment of the isolated Kupffer cells with
proteases inhibited uptake, probably by damaging the receptor. Endocytosis exhibited
saturation kinetics (Krn = 0.8 plvl) and was competitively inhibited by enzymes that
disappear apidly from plasma in vivo. Enzymes that disappear slowly from plasma did
not compete, or only at very high concentrations. These results confirmed and extended
our previous observation in vivo, and give srong evidence for the existence of a
common rereptor for enzymes on macrophages.
Neither in rats, nor in man has a disease been described in which this macrophage
function is disturbed. It has, however, been known for more tlran 20 years that infection
of mice with lactate dehydrogenase-elevating virus leads to a permanent elevation of
plasma enzyme levels, together with reduced rates of disappearance. In agreement with
this, we found that infection of mice with the virus resulted in a permanent defect in
receplor-mediated endocytosis of the enzymes (chapter 5). Quantitative histological data
showed that the virus destroyed about 70Vo of the Kupffer cells in the liver, 24 h after
infection. In the following period, these cells were replaced by macrophages that were
no longer sensitive to the virus and lacked the receptor for the enzymes.
The results of the experiments described in this thesis, together with results from
previous work, show that a receplor for a group of tissue-derived enzymes is present. on
macrophages from several species. The way in wich the enzymes are recognized by the
receptior emains, however, unclear. The relatively arbitrary way in which the enzymes
tested in these experiments were chosen from Lhe thousands of inracellular enzymes
makes it likely that the number of enzymes with affinity for the receptor is rather
extensive. The physiological function of this "enzyme receptor" seems obvious. Non-
functional and probably superfluous enzymcs can be efficiently eliminated from the
circulation via this receptor and subsequently be converted in reutilisable amino acids.
The existence of such a receptor can have practical consequences for the therapeutical
application of intravenously administered enzymes.
